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PREFACE
Airborne collision avoidance systems can be characterized as

being active or passive depending upon how the protected aircraft

obtains surveillance information. The active CAS utilizes an on-

board interrogator capable of independent surveillance of surround-

ing traffic. The passive CAS obtains similar surveillance infor-
mation primarily by listening-in to the ground interrogations and

surrounding aircraft replies. One of the design options of a

passive CAS is to use the Secondary Surveillance Radar (SSR) an-

tenna rotation position as azimuth reference. Such information is

obtained by decoding the regularly broadcasted Discrete Address

Beacon System (DABS) (Mode S) squitter messages from the ground-
based Radar Beacon Transmitter (RBS) located at the same SSR site.

The antenna rotation rate constancy between the uplink squitter
messages becomes a critical parameter in deriving the position of

an intruder. This test plan is intended to determine, by measure-

ments and analysis, the impact of such antenna rotation rate var-

iations.

A high precision measurement system was developed to evaluate

the SSR antennas rotation rate stability under environmental con-

ditions encountered at a test site. For the extreme environmental

conditions, a mathematical model was also developed to extrapolate
its performance. Measurement system design, software, a mathemat-

ical model, and data analysis programs were developed at TSC, by

the staff of the Telecommunication Branch (DTS-S31). Support was

provided for test system software design, by Martindale Associates,

Inc., Reading, MA, especially by Maurice C. Devine.

Preparation of the test plan required efforts of many individ-

uals and organizations. Particular recognition goes to John L.

Brennan, ARD-243 for coordination of tasks and specifying require-

ments and George Mahnken, ATC-1S4 for arranging the test site, in-

stallation of test equipment, and conducting the tests. The contri-

bution of following TSC personnel are hereby greatfully acknowledged:
Dr. Kanti Prasad for mathematical model development and the initial

design of the test equipment; and William Wade and Robert Jones

for design, development and checking-out of the system; Juris

Raudseps for specifying output data formats; and Marsha D. O'Connell

for developing mathematical algorithms for the data analysis pro-

grams. iii
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I.' INTRODUCTION AND BACKGROUND

1.1 INTRODUCTION

The rAA, under the Air Traffic Control Padar Beacon System

(ATCPBS) improvement rrogram, has requested the TSC (1) to present

a plan to investigate the impact of wind loading on the rotational

stability of the Secondary Surveillance Radar(SSR) antenna mounted

on the ASR-7 or 8 pedestal, and (2) to assess the impact on the

passive !CAS operation. This plan gives the sequence of tests to be

performeA at the test sites, the analysis and computer simulation

to be carriee out using field data and mathematical models, and to

make appropriate conclusions.

This test plan specifies the measurements to be performed

and the analysis to be conducted in order to determine the varia-

tions that may occur in the Secondary Surveillance Radar (SSR)
antenna rotation rate under different environmental conditions

and to evaluate the effect of those variations on Full Beacon
Collision Avoidance System (BCAS) operation. Alternatives will
be proposed if the current design is found to be inadequate. The

FAA specifications for the antenna rotation rate of the Airport Sur-

,eillance Radar (ASR) (to which the SSR antenna is rigidly attached)

is 12.5 rpm ±10 percent over the range of service conditions,
which include wind velocities up to 85 knots and a 1/2 inch radial

icing conditions. Analyses conducted by the Institute for Defense

Analyses (IDA)1 have indicated that such variations may lead to

unacceptably large errors in calculated relative target position

for the Full BCAS.

The passive and semiactive modes of Full BCAS calculations

of position for ground radar sites and aircraft requires a know-

ledge of aircraft azimuth relative to the SSR sites. The deter-
.mination of azimuth is based on measurements of time of receipt

iReport No. FAA-RD-79-18, A Review and Analysis of the FAA BCAS
Concept, Irvin W. Kay, June 1979, Page 35.
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of the ground squitter messages and of the time when the rotating

interrogation beam passes the aircraft.

.. Approximately once per second the Radar Based Transponder

(RBX) at an SSR site emits a squitter message giving the current

direction of the SSR antenna main beam. The BCAS determines

the time of passage of the SSR main beam past the own aircraft

by estimating the centroid of the sequence of approximately 16

ATCRBS interrogation pulse pairs which it receives while in the

beam.

The bearing of the BCAS from the SSR (own azimuth) can be

calculated by adding the antenna angle (at the time of the

squitter message) to the change in antenna angle between the time

of the squitter and the time the main beam passes the BCAS. If

the antenna is assumed to rotate at a constant rate, the change

in antenna angle is assumed to rotate at a constant rate, the

change in antenna angle is the observed time interval multiplied

by the rotation rate.

Similar calculations can be performed to determine the bear-

ing of a target from the SSR (target azimuth) and the differential

azimuth. The time of passage of the antenna main beam past the

target is estimated from the centroid of the sequence of elicited

target transponder replies. The angle calculations again depend

upon an assumption of a constant rotation rate.

Even when the period of a complete antenna revolution

remains constant, wind loads on the antenna may cause significant

accelerations and decelerations within each revolution giving

instantaneous rotation rates substantially different from the

average rate. Figure 1 illustrates the error that may result in

the computed position of a target relative to BCAS if the rotation
rate deviates 10 percent from its average value while the antenna
rotates through a differential azimuth angle of approximately 400.
The maximum possible separation in angle between BCAS and a target
is < 900 for a 1-second squitter rate and at a 15-rpm antenna

rotation rate.
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The tests and analyses specified herein will determine what

deviations of antenna rotation rate from the nominal will occur

under different environmental conditions, and will calculate the

extent to which these deviations will degrade BCAS target track-

ing accuracy.

1.2 BACKGROUND

During ATCRBS improvement studies in 1973,2,3 some analyses

were performed to predict antenna-performance for dynamic opera-

tion and for antenna survival.

Some analytical data are available which may be applicable

to this current problem. Illustrative samples of these data are

given in Figures 2 and 3. A sample plot of antenna speed vs. wind

angle-of-incidence for an 8S-knot wind and icing conditions is

shown in Figure 2, and yawing moment as a function of wind angle-

of-incidence alone is shown in Figure 3.

From the analysis, it is concluded that the dynamic yaw

moment can change the antenna rotation speed, and since the

antenna drive motor is vital in maintaining a constant antenna

rotation rate, the motor should be studied. Induction motors are

used. From the manufacturer's test data of the torque-speed

characteristics, it is possible to predict acceptable performance

limits and to specify modifications for improvements, provided

that the other system and environmental factors are also known.

Typical torque-speed plots for the 5-hp motor presently used for

ATCRBS antenna drives are shown in Figure 4 and for comparison

a curve for a 30-hp motor is shown in Figure S.

Under a Texas instruments in-house effort,4 a one fourth

scale SSR antenna model was constructed and tested in a wind

ZPreliminary Draft of Report 10991, Phase I, ATCRBS Antenna

Modification Kit, Section IV, Hazeltine Company.
3Draft Report, ATCRBS Phase I Engineering Report, July 25, 1973,
by Texas Instruments.

4Armand J. Mailet, AF230, Private Communications.
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tunnel. Two field tests were also conducted. The results of a
field test conducted by the FAA Technical Centersover a limited

range of environmental conditions, are shown in Figure 6. The
results of the second, a large military antenna, do indicate the

effects of wind and have some bearing on the current problem. See
Figure 7 . Nevertheless, there are no known data from dynamic

field tests which would be useful for (Full BCAS program) answer-

ing the SSR rotation constancy question satisfactorily.

5George J. Hartranft, ANA-120, Memo-Wind Speed Affects on ACP
Count at NAFEC ASR-7 Site, January 14, 15, 16, 1976.
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2. TEST OBJECTIVES

2.1 DETERMINE CAPABILITY OF SSR ANTENNA ROTATION RATE STABILITY
WITH THE FULL BCAS DESIGN REQUIREMENT.

1. To perform SSR antenna rotation rate measurements in the

field for a wide range of environmental conditions in
order to determine the range of conditions over which
rotational stability under the Full BCAS concept is
acceptable.

2. To assess performance degradation of Full BCAS outside
this range of conditions.

2.2 IDENTIFY ANTENNA ROTATION STABILIZATION ALTERNATIVES, IF
REQUIRED

Conduct data reduction and analysis of the field data and
compare these data with analytical data and with parametric
simulationresults. Assess whether or not current performance
is adequate for Full BCAS utilization. If not, then evaluate
improvements by analysis and simulation using various alternative
approaches and identify more promising ones for field evaluation.

2-1/z



3. SCOPE

3.1-" SCOPE OF THE TASKS

The thrust of this effort lies in obtaining useful field

measurements of antenna rotation speed, supplemented by analyses
and simulation, for the range of environmental conditions

specified by the FAA. The final recommendations will be based

on these results. With the foregoing in mind, the program will

consist of the following elements, which are of equal importance.

1. Field measurements at operational sites,

2. Analysis,

3. Simulation,

4. Evaluation of alternatives by analysis and simulation

and identification of alternatives for field evaluation.

3.1.1 Requirements for Field Measurements

3.1.1.1 Types of SSR and ASR Antennas - The present antenna for

ATCRBS sites is the ATCRBS five-foot open array antenna, Type FA-

9764, colocated with the ASR or ARSR antenna. "Colocated" means

that the beacon antenna is mounted on the same pedestal as the

primary antenna. This setup, although very convenient for ATCRBS

antenna installation, is of some concern in the implementation of

the Full BCAS concept because of the much larger projected area

of the antenna which is exposed to the wind loads and icing

conditions. The Open Array antenna has replaced the Hog Trough

antennas which was specified by FAA for the Terminal and En Route

sites. Under the ATCRBS improvement program, the DABS systems is

being developed. It is currently proposed that DABS sites will

have two types of antenna installations, either the Open Array,

FAA-E-2660, or the Back-to-Back, FAA-ER-240-3Sa, antenna. The

Open Array Antenna mounted on top of an ASR-7 antenna is shown

in Figure 8.
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With the Open Array antenna installation, the antenna rota-

tion speed may be affected even more by wind than before, because

the projected area for the Open Array is S ft x 28 ft, and the

antenna has to maintain the same rotational speed of up to IS rpm.

Only the SSR Open Array antenna will be tested beginning

with the Open Array, FAA-E-2660, installed at the FAA Technical

Center Terminal Radar Beacon Test Facility (TRBTF) site, Atlantic

City, N.J.

3.2 DATA COLLECTION

3.2.1 Selection of Test Sites

To obtain as many field measurements as possible during

extreme environmental changes, a variety of climates at the

selected sites is required. Test areas other than Federal Avia-

tion Administration Technical Center, Atlantic City, NJ are being

considered, including remote sites, such as, sites in Alaska

or Greenland or windy , desert areas in California. The Full

BCAS concept is based on the reception of both ATCRBS and DABS

signals. Although ATCRBS and DABS sites have some distinct dif-

ferences, test results are to be compatible.

It is worthwhile to notice that all en route ARSR antennas

are protected by radomes, and it is assumed for our purposes that

the drag torque, inertia-induced torque, and the off-center

torque will have a minimal effect on the dynamic yaw moment and

therefore will not require any testing.

3.2.2 Test Planning

Major items facing the planning of the study of the SSR

antenna rotation rate constancy are the progress of the Full

BCAS design definition and the engineering model development

tasks. Timely inputs at various phases during these developments

are anticipated at the early stages in the program. More com-

prehensive results are expected by May I, 1982 when the First

3-3



Phase Report is to be released which will summarize the test

results, the impact assessments on Full BCAS performance, and

identify the problem areas. A detailed schedule of the tests to

be performed and test options are given in Section 8.0 of this

test plan.

3.3 ANALYSIS

Analyses will include the derivation of results from the

field measurements, analysis of mathematical models, design of

algorithms, and computer simulation.

3.3.1 Mathematical Analysis

Total dynamic yaw moment may produce non-uniform SSR rotation

of the antenna when it is subjected to environmental changes.

All components o. the total yaw moment under dynamic conditions
contribute in varying degrees. A colocated ASR-8 antenna and

SSR antenna simulation model is shown in Figure 9 . It consists

of three major subassemblies

Induction Motor,

Gear Train, and

ASR-8/SSR Antennas.

INDCION _RBOX.- S ASR & 5SR
MOTOR ASSEMLY A S O

BDE A

FIGURE 9.ASR-8/SSR ANTENNA SYSTEM SIMULATION M1ODEL
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The 5-hp induction motor rotates the ASR-8 and SSR antennas

at 15 rpm under all weather conditions. A typical ASR-8 site
installation will have two induction motors, however the test
site selected at TRBTF site has only one 5-hp induction motor
and, therefore this site represents a typical ASR-7 site.

3.3.1.1 Induction Motor Equivalent Circuit

As equivalent circuit of the induction motor is shown in
Figure 10.

FIGURE 10. EQUIVALENT CIRCUIT OF THE INDUCTION MOTOR

Using mathematical expressions and substituting the given

motor parameters, the following equation of .oiion c be derived
for the electromagnetic torque to be generatecd for the system.

d2eM doM
T + JM BM% + TSA

dt

TEMM , Electromagnetic motor torque

JM - Viscous damping

TSA = shaft torque applied to antenna J TWD

J; - Antenna Torque

TWD + Yaw torque due to wind variation



3.3.1.2 Gear Train

The gear train reduces the speed of the drive shaft of the

antenna by an 1800:15 ratio, where

e - eM/n

6 uM/n

e a @M/n

TSA = n/TSM

and e, 6, and 8 represent the displacement angle, angular veloc-
ity, and angular acceleration for the antenna and 8M, iM' and 8M

represent same parameters for the motor, TSA and TSM are the

torque for antenna and the motor respectively, and n is the gear

ratio.

The other components of the yaw torque are,

1. Wind velocity induced torque,

Ma FD V. - W Icossl

FD is the dynamic drag force, FD = 1/2P v2 CDHW

p is the density of air

v is stream velocity

CD is the drag coefficient, which varies with icing

conditions

H and W are height and width of the antenna

w is the reflector rotation rate

2. Offset induced torque, Mo - FDb sin(cosB)

b - 1.5 feet

3. Inertia induced torque, MI = IM (Aw), (ft-lbs).

IM is the mass moment of inertia

3-6
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4. Friction torque, Tf 1 100 ft-lbs for ASR

S. "Fanning" torque, MF 2P CD 2 W H

6. Feedhorn induced torque, MH -sq (A x d) sin$(ft-lbs)

q a 1/2 p v2 CD

v s net wind velocity on the effective area of the feed-

horn

d is distance to feedhorn

A is effective area at distance d

Then the total dynamic yaw is:

MYAW = MW + M0 " MI Mf+ MF + MH

= TEMM

Figure 11 is a mathematical model developed for the ASR-8/

SSR antenna system to be used in analysis. All parameters for

this study are the actual values at the test site. The wind-

induced torque with ice or heavy rain conditions is the most

significant one for this study. A typical graph showing the

relative contribution of each torque is given in Figure 12 . It

is desirable to test antenna rotation speed at 15 rpm and at wind

speeds of 8S knots. Estimates predict that the peak torque in

winds of 30 knots is about 50 percent of the peak wind torque in

winds of 8S knots. Parametric studies may be performed for esti-

mating drag coefficients to match field test results.

Performance obtained from the field operational measurements

will not be adequate to define the cause of the problem for two

reasons: (1) probably not all limiting environmental cases can

be obtained from a few selected sites, and (2) speed variation is

due to the composite effect of numerous factors which may not be

identifiable from the data collected in the field. To overcome

this limitation, mathematical analysis and simulation will be used

to enhance field measurements.

3-8
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3.3.2 Simulation

Parametric evaluation and trade-off studies will be made

using computer simulations to synthesize the total dynamic yaw
moment and its effects on the antenna rotation rate. To achieve

this, the equation of motion must be developed so as to include

dynamics of the drive motor, gear train, and antenna, which are

subject to the wind and other torque effects. From the parametric

study, the significance of the wind component, backlash, and

inertia will be determined. Proposed design modifications will
be introduced and simulate operation of the modified system.

A typical simulation result is shown in Figure 13A. It may
be compared with the actual data measured in the field, Figure 13R.

Nonlinearities were omitted in this simulation, which shows poor
agreement with the measurements except for the amplitudes of the

yaw moment, which agree satisfactorily.

3.3.3 Preliminary Data Analysis

A rate of change of SSR antenna rotation as computed from
the mathematical model is shown in Figure 14, 15, 16, and 17.
Preliminary analysis is used to compare derived data with measured

data at a wind velocity of 15 mph.

The results are as follows.

Wind velocity 15 mph -- iS rpm is reduced by 2.9%, computed
for 70* change in antenna
pointing direction.
i1 rpm is reduced by 0.7%, measured
for 450 change in antenna
pointing direction.

SSR antenna rotation rate changes predicted at higher wind vel-
ocities using the same mathematical model are as follows,

30 mph - will produce 3.3% reduction in rotation rate

97.8 mph (85 knots) - will produce 22.2% reduction in
rotation rate.

There are no data to verify these predictions.
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A corresponding variation also occurs in the Yaw Moment and

is shown in Figures 18 and 19.

3.4 IDENTIFICATION OF ALTERNATIVE DESIGNS

From the analysis, collected field data, and simulation

results, the most promising alternative designs will be evaluated

by parametric studies and identified for additional evaluation

in the field
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4. TECHNICAL APPROACH

4.1 DEFINITION OF TASKS

The basic approach used to determine if the SSR antenna

rotation rate is stable enough to support FULL BCAS operation,

will be the analysis of the measurements collected in the field

and of the mathematical model of the antenna system. If it

is not stable enough then approaches for improving the rotation

rate stability will be identified. The total effort will consist

of two parts.

1. Perform field measurements at selected sites by

collecting SSR antenna rotation measurements under
different service conditions.

2. Analyze the collected data, identify service conditions

for which Full BCAS performance would be acceptable, and

predict performance degradation outside those limits.
Perform analysis and simulation studies for the whole

range of service conditions as specified by FAA. Then

on the basis of these analyses, the measured data, and
the simulation, identify alternatives which will meet

requirements over the full range of operational condi-

tions. Using mathematical models and computer simulation,
perform parametric studies of the alternative designs.

Under the proposed measurement method, antenna rotation rate

variations will be measured between the two pulses of each
Azimuth Change Pulse (ACP) pair (4096ACP pulses per revolution)

and will be compared with wind characteristics measured at the
same time and sampled at 54 ACP pulse intervals.

All analysis is being performed at TSC, using a DEC-10

computer. Data reduction software and mathematical models and

algorithms to conduct simulation analysis are also being developed

at TSC. (For R&D computer programs see Appendix B.)
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4.2 MEASUREMENT TECHNIQUE (Figure 20)

The azimuth change pulses (ACP's) and azimuth reference pulses

(ARP!s) are received from the SSR's antenna system [Antenna-

Azimuth-Range-Timing Unit (AARTU)] as shown in the Test System

Block Diagram, Figure 21. Intervals between successive ACP's will

be measured by counting clock pulses from the 1 MHz system clock.

These counts, together with antenna position data, will be recorded

on magnetic tape. Concurrently, wind speed and direction will be

measured. The data will be written on magnetic tape in logical

records of 64 bytes each; 32 logical records of 2048 bytes written

by the Kennedy recorder on 9-track standard magnetic tape at a

density of 1600 bpi.

4.3 INPUT SIGNALS

Azimuth Change Pulses (ACP's) originating in the Antenna-

Range-Timing-Unit (AARTU) (Figure 21) already processed by the

Azimuth Pulse Generator (APG) Shaper Assembly (Figure 22) and

accessed through a BNC connector at the antenna sight are fed

into the SSR Antenna Computer Assembly at a rate of 4096 ACP pulses

per revolution. A counter counts the number of clock pulses from

an internal 1 MHz clock between successive ACP's and the total

count, modulo 256, is entered into the computer on an interrupt

basis as an 8-bit number (see Figure 23).

Azimuth Reference Pulses (ARP's) are generated like the ACP's,

except at a much lower rate - one pulse for every 4096 ACP counts.

The ARP pulses are made to coincide with one of the ACP pulses

and provide information on antenna zero crossings thus indicating

the completion of a full revolution.

Weather Data Wind speed and direction data are received

serially on two independent channels and are entered into the

computer under interrupt control.

4-2
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4.4 OUTPUT DATA

The output will consist of clock pulse counts (approximately

1000, given modulo 256) between each pulse of an ACP pair and of

formatted wind data written on a magnetic tape. The magnetic tape

recorder will be able to collect 7 hours of test data on a 10.5

inch (2400 feet) reel of tape in standard 9-channel format at 1600

bpi.

4.5 RECORDED DATA FORMATS

The logical record (see Figure 24) will contain, in order:

The record sequence number (binary, 2 bytes).

Wind direction in degrees from magnetic north, given as three

decimal digits, expressed in binary, one per byte.

Wind speed in statute miles per hour given as three decimal

digits expressed in binary, one per byte.

Antenna direction, given as a count of ACP pulses since the

last ARP pulse (binary number in two bytes).

Fifty-four (54) consecutive bytes, each giving the clock count
between a pair of successive ACP pulses. The clock count is

given modulo 256 as an 8-bit binary number. If n is the count
of ACP pulses since the last ARP pulse, then the first clock
count will be the interval between the n-th and n+lst ACP

pulse, the next for the interval between n+lst and n 2nd,
etc. The ACP pulse coincidence with the ARP pulse is con-

sidered to be numbered zero.
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Byte * Content

1 consecutive logical record #, byte 1

2 consecutive logical record #, byte 2

3 wind direction, 100's of degrees

4 wind direction, 10's of degrees

5 wind direction, degrees

6 wind speed, 100's of mph

7 wind speed, 10's of mph

8 wind speed, mph

9 ACP count since last ARP, byte 1

10 ACP count since last ARP, byte 2

11 clock period count

12 clock period count

p

tI

I

I

64 clock period count

FIGURE 24. LOGICAL RECORD STRUCTURE ON DATA TAPE
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5. DESCRIPTION OF THE TEST

5.1 'UNIT UNDER TEST

Figure 25 shows the SSR site under test with an Open

Array colocated with the primary radar (ASR-8) antennas. The test

site selected is the FAA Technical Center's Terminal Radar Beacon

Test Facility (TRBTF) site. Of the two S-hp induction motors used

in the system, (a typical ASR-8 site installation), only one motor

is being used at the TRBTF site for driving the antennas. Therefore,

this site represents a typical ASR-7 site installation, which is

of primary interest for this study.

5.2 TEST EQUIPMENT

The SSR antenna rotation rate measurement test equipment

assembly is shown in Figure 26. The assembly consists of the

following units:

1. Anemometer, VA-320 with digitized output and 140-foot RF

cable; mounted on the pole close to the Open Array under

test.

2. Kennedy digital tape recorder, Model 9100-3, with

accessories - rack mounted

3. SSR Antenna Test Computer Assembly - rack mounted

INTEL SBC-905 Board - rack mounted

INTEL SBC-80/20 Board - rack mounted

INTEL SBC-116 Board - rack mounted

A simplified block diagram of the test set-up was shown in

Figure23 which als", shows the hardware and software interfaces and

data extraction.

5.3 SSR TEST COMPUTER ASSEMBLY

The Computer Assembly for the SSR test consists of three INTEL

Single Board Computer Assemblies modified to process input signals

5-1
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and the sampled output data. An Input Data Counter Schematic in

Figure 27 shows interconnections of INTEL SBC-905 and INTEL

SBC-80/20, as well as all input and output signals of ACP, ARP

and wind velocity and wind direction signals.

5.3.1 INTEL SBC-905, Input Data Counter

The SBC-905 consists of two major circuits, the Azimuth Change

Pulse (ACP) logic and the Azimuth Reference Pulse (ARP) logic.

ACP Logic. The ACP pulse (BNC on Front Panel) is connected

to a 74C14 (Ul) on pin #1. The 74C14 (U-1) is a high-impedance,

input-inverting amplifier used to isolate the input from the

radar system during power shut-down. Since the 74C14 is an in-

verting amplifier its output pin, #2, is connected to a 74LS04

(UZA) inverting amplifier on pin #1 which makes the ACP pulse

positive logic and TTL compatible. The output is pin #2 which is

connected to a 74S74 (U3A) pin #3, which is an Edge-Triggered Flip-

Flop. This Flip-Flop is so configured that the Preset and Clear

are tied through 10k-ohm resistors to the $-volt power. The I

output is tied to the D input so as to have complementary Q and

i outputs.

The Q output, pin #5, is connected to pin #1 of a 7408A,

which is a 2-input positive AND gate. The other input to this AND

gate, pin #2, is connected to a 1 Mz signal source.

1 MHz Signal Source. The 1 MHz signal is derived from a 4 MHz

crystal oscillator. The 4 MHz crystal oscillator is a standard

configuration for an oscillator using a 7404 (U9). The output pin

#6 is connected to pin #1 of a 7493 CUI0), which is a 4-bit binary

counter, configured to be a "divide-by-4"1 counter. The output

pin #8 is connected to pins #2 and 5 of U4.

The output pin #3 of the U4A is the ACP pulse with the 1 MHz

signal superimposed on the peak. This signal is connected to pin

#14 of "Counter A," consisting of two-74793's (4-bit binary

counters) so configured as td create an 8-bit counter, US and U6.

This is done by connecting pin #11 of US to pin #14 of U6.
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Pin #12, the output, is connected to pin #1 to create a 4-bit

ripple-through counter. The same configuration applies to U6,

which completes the 8-bit counter.

The resetting of Counter A is done by connecting, F-i, pin
#22 (bit #1, Port C, 8255 #1) of the SBC-80/20 CP4 board to

I-D(74C14) pin #9. Its output pin, #8, is connected to U2-D
(74LS04) pin #9 and its output pin, #8, is connected to pins

#2 and 3 of US and pins #2 and 3 of U6.

The use of Ul-D, U2-D, which are inverting amplifiers, are for

buffering the 8255 #1 (C-MOS) to the U-S, U-6 (TTL) counters.

The 7 output pin, #6, of U-3 is connected to pin #4 of U-4,
which is a 2-input positive AND gate, the other input to this AND

gate, pin #5, is connected to a 1 MHz signal source at pin #2.

The output pin, #6, is connected to pin #14, of U-7, Counter

B. Counter B is configured the same as Counter A. The reset for

Counter B is derived from the SBC-80/20, JI pin #24, (Part C,

Bit- of the 825S #1). This in turn is connected to U-lE; pin #11,

(C74C14). Its output pin, #10, is connected to U-2E pin #11,

(C74L504) and its output pin, #10, is connected to pins #2 and 3

of U-7 and pins #2 and 3 of U-8.

The use of U-lE, U-2E, which are inverting amplifiers, are for

buffering the 8255 #1 (C-MOS) to the U-7, U-8 (TTL Counters).

ARP Logic. The ARP pulse (BNC connector on Front Panel) is

connected to U-lB, pin #3 (74C14) which is a high impedance,input

inverting amplifier used to isolate the input from che radar sys-

tems during power shut-down.

The output, pin #4. of U-lB is connected to U-ZB, pin #3,

(74LS04) an inverting amplifier which makes the ARP pulse positive

logic and TTL compatible. The output, pin, #4, is connected to

U-lID, pin #9, an inverting amplifier, to create a negative logic

pulse output.

U-lID, output pin #8, is connected to U-3B, pin #10. U-3B is

a D-type,Edge-Triggered Flip-Flop, and its' pins #11 (C input) and
#12 (D input) are tied Low (Ground). Pin #10 is the preset input

5-6
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and pin #13 is connected through a lOi-ohm resistor to High (+SV)

Pin #13 is also connected to the output, pin #6, of U-2C which is
a reset pulse from the SBC-80/20 board, C8255 #1, Part C, J-1 pin

#20. It is then connected to U-IC a 74C14 pin #5. The output of

U-IC, pin #6 is connected to U-2C pin #5, 74LS04. U-IC and U-2C,
are used as buffers for the SBC-80/20, 8255 #1 (C-MOS).

The output of U-3B, pin #9, is connected to the SBC-80/20

board, J-i, pin #34, which is in the Port A, (bit 7) of the 8255
#2, (Test pin #11).

The output of U-3A, pin #5 is connected to the SBC-80/20

board, J-1 pin #2, which is the Port B (bit 7) at the 8255 #2,

(Test point #13).

U-li, a 74LS04, is used as an inverting amplifier-buffer for
the digital output of the anemometer wind speed which is C-MOS.

The significant digit of wind speed (CO) is connected to U-11A

at pin #1. The output of U-11A is pin #2 which is connected to a

U-12, 432 (2-input positive-OR gate) at pin #1 (iA). The next

significant digit, Ci, is connected to aU-1iB at pin #3. The out-
put of U-liB, pin #4, is connected to pin #2 of the U-12 (lB)
which creates an output.at pin #3 (1Y). (Positivr. Logic:

Y - A + B). Pin #3 of U-12(IY) is connected to pin #4 (2A) of

U-12. The least significant digit, C2, is connected to U-IC at

pin #5. The output of U-llC, pin #6, is connected to #9 of the

U-12(3A). Pin #10(3B) is connected to ground, this creates an out-
put at U-12(3Y) pin #8. Pin #8 of U-12(3Y) is connected to U-i2
(2B) pin #5 to create an output at U-12(2Y) pin #6. Pin #6 is

connected to connector, P-i, pin #42 (interrupt Routine #1), which
is connected to, P-i, pin #42, of the SBC-80/20 board.

The most significant digit of wind direction (CO) is connected

to U-13 (2-input positive-OR gate) at pin #1, digit of wind
direction (Ci) is connected to U-13 #2(lB) which creates an output

at pin #3(lY). Pin #3 of U-13 is connected to pin #4(2A) of U-13.

The least significant digit of wind direction is (C2) connected

to U-13 pin #9(3A). Pin #10 of -13 is connected to ground. This

creates an output at U-13 pin #8(3Y). Pin #8 is connected to U-13

pin #S(2B), this creates an output at U-13 pin #6(2Y).
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U-13 pin #6 (interrupt Routine #2) is connected to J-1 at

pin #39. J-1 pin #39 is connected to J-1 pin #39 of SBC-80/20

board.

Power Supply

The power supply and the wiring diagram are shown in

Figure 28.

IrrB

ned 2I B

Block Power Bro flU-23

FIGURE 28. POWER WIRING DIAGRAM
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Test Points

The following test points are located at socket U1-14, at
pin:

TPl + TP16 + 5.0 V, (Vcc)
TP8. * TP9 -Ground
TP2 - Reset Counter B (U7, 118) see waveform #
TP3 - Reset Counter A (US, UO) see waveform #
TP4 - Reset ARP (M3B) see waveform #t

TPS - Output of Counter A (USB) see waveform #t

TP6 - Output of Counter *B (U7B) see waveform #t
TP7 -

TP10 - 1 MHz Clock (t12F) see waveform #t
TP11 - SARP see waveform #t
TP12 - BACP see waveform ft

TP13 - Gate see waveform #t
TP-14 - ARP see waveform #t
TP-15 - ACP see waveform #t
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SBC 80/20, MICROPROCESSOR, I/O ASSIGNMENTS

SBC 80/20 board: I/O Assignments See Figures 29 to 34

8255 #1 (port adr OE4H) PORT A:
INPUTS
DO-D7 is counter A DO-D7

(port adr OESH) PORT B: (INPUTS)
DO-D7 is counter B DO-D7

(port adr OE6H) Port C:
bO-Counter A reset pulse; 1 = reset
bl-Counter B reset pulse, 1 - reset
b2mx-floop-
b3-x

b4- main loop test flag
b5- ACPINT test flag
b6- SPINT test flag
b7- DRINT test flag

8255 #2 (port adr OE8H) Port A: (Wind speed inputs)
bO-b3 is 4 bit BCD, bO-LSB
b4: CO pulse, speed,l-TRUE
bS- Cl pulse, speed,l-True
b6- CZ pulse, speed,l-true
b7- ARP input,l-ARP

(Port OE9H) Port B: (Wind direction, inputs)
bO-b3 is 4 bit BCD,bO-LSB
b4- CO pulse, direction, 1-True
bS- Cl pulse, direction, 1-True
b6- C2 pulse, direction, 1-True
b7 Counter B RSAD-l

(Port OEAH) Port C: (Status inputs)
8259 INPUTS:

IRO-Positive-going ACP pulse, not divided
lRl-Speed CO,ClC2, OR'ed, positive pulse
IR2-Direction CO,C1,C2 OR'ed, positive pulse
IR#-IR7 should be disabled (grounded)
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Jumper Wire List for SBC-80/20 Board

Location Pin # to Pin #

A20 51 52
A21 70 71
AS 11,2 3

AS 4,5 6

AS 12,13 11

AS 9,10 8

A6 1,2 3

A6 4'5 6

.A6 12,13 11
A6 9,10 8

All 1,2 3
All 4,5 6

All 12,13 11

All 9,10 8

A12 1,2 3

A12 4,5 6

A12 12,13 11

A12 9,10 8

A19 27,28,29,30 31 (GND.)

A19 43 24

A19 44 2S

A19 45 26
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Interconnection wiring

SBC-905 to SBC-80/20

SBC-905 SBC-80/ D

Connector Pin #Connector Pin #

PCC-1 2 J-1 2

PCC-1 4 J-1 4
PCC-1 6 J-1 6
PCC-1 8 J-1 8
PCC-1 10, J-1 10
PCC-1 12 J-1 12

PCC-1 14 J-1 14

PCC-1 16 J-1 16
PCC-1 20 J-1 20

PCC-1 22 J-1 22

PCC-1 24 J-1 24

PCC-1 34 J-1 34

PCC-1 36 J-1 36

PCC-1 38 J-1 38

PCC-1 40 J-1 40

PCC-1 42 J-1 42

PCC-1 44 J-1 44

PCC-1 46 J-1 46

PCC-1 48 J-1 48
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Interconnection Wiring

Anemometer to SBC-905 and SBC-80/20

Rear Panel SBC-905

Anemometer DB-25 Pin # UX-I Pin #

P1 1 UX-1 I

P1 2 UX-1 2

P1 3 UX-1 3

P1 4 UX-1 4

P1 S UX-1 5

P1 6 UX-l 6

P1 7

P1 8 SBC-80/20 J-2 Pin #

P1 9 J-2 48

P1 10 J-2 46

Pl 11 J-2 44

P1 12 J-2 42

P1 13 J-2 16

P1 14 J-2 14

P1 15 (GND) J-2 12

J-2 10

SBC-905 UX-1 Pin GND

UX-I 16

UX-1 15 SBC-80/20 J-2 Pin #
UX-i 14 J-2 40

UX-I 13 J-2 38
UX-I 12 J-2 36

UX-I 11 J-2 8

J-2 6

J-2 4
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Interconnection Wiring

SBC-905 to SBC-80/20
SBC-905 Pin # SBC-80/20 Pin

P-2 1 10 J-2 34
P-2 2 9 J-2 2

SBC-905 Pin # SBC-80/20 Pin
P-i 41 P-i 41
P-i 42 P-I 42
P-i 39 P-i 39

S
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Interconnection wiring

Front Panel SBC-90S Pin #
ACP - J-1 (Center Pin) UX-1 9
ARP - J-1 (Center Pin) UX-l 10
ACP + ARP - J-l's (shell, GND.) UX-1 7,8 (GND.)

Terminal Connector SBC-80/20 Pin #
DB-25 Pin # J3

S-21



Interconnection Wiring

AnemOmeter Terminal Board to DB-25 Pin #
Speed C4 (MSD 

to DB-25 1

Speed CO (NSD) to DB-25 2

Speed C2 (LSD) to DB-25 3

Direction C2 ( SD) to DB-25 4

Direction C1 (NSD) to DB-25 4

Direction C2 (LSD) to DB-2S 6

Speed 8 to DB-25 7

Speed 4 to DB-25 8

Speed 2 to DB-25 9

Speed 1 to DB-2S 10

Direction 8 to DB-25 11

Direction 4 to DB-25 12

Direction 4 to DB-25 12

Direction 1 to DB-25 14

Ground to DB-2S 1S

S-Z2
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SBC 116, OUTPUT DATA INTERFACE

Interface Wiring SBC-116 to Kennedy, Model 9217B Buffer Formatter

SBC-116 (See Figures 35 to40)

Kennedy,
Connector

From Connector #, Pin # To DB-ZSF To DB-ZSM Pin #

Jl-16 Bit 0 (Form ENA) 1 1 P1-18

Jl-14 Bit 1 (Write SEL) 2 2 PI-s

JI-24 Bit 0 (Write Data 3 3 P1-6
Strobe)

J1-22 Bit 1 (Off Line) 4 4 P3-8

Jl-20 Bit 2 (Init) 5 5 P2-4

Jl-18 Bit 3 (Rew) 6 6 PI-9

Ji-26 Bit 4 (EOF) 7 7 P1-8

JI-28 Bit S CEOR) 8 8 P1-7

J2-34 Bit 7 (On Line) 9 9 P3-4

J2-36 Bit 6 (EOT) 10 10 P1-3

J2-42 Bit 3 (WR RDY) 11 11 PI-il

J2-44 Bit 2 (Load Pt.) 12 12 P1-2

J2-46 Bit 1 (MEN Busy) 13 13 P1-4
J2-48 Bit 0 (FMTR Busy) 14 14 P3-18

J2-16 Bit 0 (Data Bit 0) 15 15 PI-10

J2-14 Bit 1 (Data Bit 1) 16 16 PI-II

J2-12 Bit 2 (Data Bit 2) 17 17 P1-12

J2-10 Bit 3 (Data Bit 3) 18 18 P1-13

J2-8 Bit 4 (Data Bit 4) 19 19 PI-14

J2-6 Bit 5 (Data Bit 5) 20 20 PI-iS

J2-4 Bit 6 (Data Bit 6) 21 21 P1-16

J2-2 Bit 7 (Data Bit 7) 22 22 P1-17

Pin # 23, 24, 25 are ground connections

A jumper wire is connected from Pin #53 to Pin #54

5-23
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5.4 COMPUTER FLOW CHARTS

FIGURE 41. INITIALIZATION ROUTINE

FIGURE 42. ACP COUNT AND ROUTING INTERRUPT ROUTINE

FIGURE 43. ACP COUNT LOADING AND RECORD COUNT ROUTINE

FIGURE 44. WIND SPEED AND WIND DIRECTION ROUTINES

FIGURE 45. DATA RECORD INTERRUPT ROUTINE
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SET UP US3
CQ"TI 2. ym 3

sum. 1131H

SET UP CANT

SET UP 4I.*

SET UP SM5. #2

APIA; S. C-CUT

SET UP sm5..
APIA; s.c4wrslug

I LMA 9 BTES
OFEW. STAKINI

ELm 41W? S AT ACPCTA

CALL LAD ISiGYS

AMg. slL ACP CPSi

TOT

FIGURE 41. INITIALIZATION ROUTINE
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scmi

SITAf.T T Tb? US .Ucw

(MMI (CfrA) - I LonU Wm 

am C.M(14) TA

11-A

CALL LOA M
WA Ltmal

St" LOAD so

ACI A

LOAD IM
LNWSVE 11D IOIW 's

LOAD so
fa SPEED Too's

FLAGL

WIND

LOAD so

LOA OCI
um sm

CL
VIA

SM TES

FIA

FIGUR 43. ALI' COUN LOAD NG A D RE ORD OU A U T N CUS
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WIND Dim
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GET SPEU MITUT0 .CM

SAVE INI ff
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WTA

OVERLAYS GO HERE
TO LINK TESTING ROUTINES

WTAP

DATA A TAPOAT OATA1TO RECORDER

WOS - TAPCTL SET WRITE STROBE

**TAPT CLEAR WRITE STROBE

RET

FIGURE 4S. DATA RECORD INTERRUPT ROUTINE
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6. DATA COLLECTION PLAN

6.1 APPROACH

The data collection flow diagram is shown in Figure 46. The

data format consists of 64 byte logical record containing the

clock counts for each two-pulse spacing of 54 ACP pulses (given

modulo 256) and 3-digit direct recording of wind velocity and

direction samples stored in two, 1028-bit buffers each and recorded

on a 10.S inch (2400 feet) reel of magnetic tape in standard

9-channel format at 1600 bpi with a capability of collecting 7

hours of test data.

Mathematical methods have been developed to derive statistics

from the collected data at the sites and then applied to make

inferences about these sites.

Collection of data is intended at different sites and over

a wide range of environmental conditions as found at the sites

enumerated earlier. The details of data collection plan presented

in Section 8 of this test plan.
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is NO
A COUNTER

READY

READ THE
COUNTER A OR B

WRITE COUNT
TO TAPE

RESET ARP LATCH]

INCR ACP COUNT

INCR RECORD BYTE

COUNT 54 YSACPL

READWIT DTECOR PORTE

SOEA DIGIT (CD) 10

S IF READY JUM 1 AI

UMP MII

FIGUR 46. MEASREMEN DAT COLECTINAROTIN
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7. DATA ANALYSIS PLAN

7.1 'PRECISION OF RECORDED DATA

Antenna Azimuth Angle. By using a 0.99985 MHz counter,

precision in measuring the time between the two pulses of an ACP

pair may be assured as follows;

Ae5precision - 360= 9.87 x 10-5 degrees8°recsi~ = 096(A(;P's-yx 890 CPF)

Wind Velocity. Speed constant for the VA-320 Anemometer is:

Speed Constant - 6 mm.

Using sampling rate of 52 milliseconds it is possible to sense
wind changes of

S D 0.6 -4 ft/sec. or 2.3 mi/hr.t 7 .-. 54 X 1Z X .os " "

Accuracy of wind speed measurement is ± 2% full scale

Accuracy of wind direction measurement ± 40 at 4.5 mph

t 2* above 9 mph

7.2 SAMPLED DATA STATISTICS: MEAN, VARIANCE, AND STANDARD
DEVIATION

7.2.1 Mean, Variance, and Standard Deviation

A direct measurement of the clock counts Cn) is recorded in

each pulse-pair interval and a variation in the ni among consecu-

tive ACP's is interpreted as variation in the antenna rotation

speed within the revolution. It is assumed that there are no

angular variations between the ACP pulse intervals. A single

complete revolution is indicated by an ARP pulse always following

4096 equally positioned ACP pulses. Wind loading affects the

actual time to reach next ACP pulse position but not the angular

increment (0.0888) which is fixed within 3600 of azimuth.

7-1

vI



For the sample calculations of the sample mean and variance

used in the data analysis shown in Figure 47 and 48. It is the data

sampled in one logical record consisting of 54 consecutive ACP's

and in addition wind velocity and direction information. The

sample mean is defined as
S4

m s n i=ni

where

n i  the remainder in the counter after 3 x 256 overflow

(modulo 256).

A mean of one revolution is computed by averaging the sample

means of 75 logical records.

175

Variations of the samples are derived by squaring the dif-

ference between two means, i.e., a mean of a single logical

record minus the mean for that revolution as computed from the

sample taken from the same revolution.

Standard deviation as defined here is,

SSD '7

7.2.2 Sliding Window Sum Total Variations (Histogram)

A plot of additive sums ( a sliding window) sliding forward

to complete one revolution is shown in Figure 49, where 75
logical records approximate one full antenna revolution. From

these data a possible error in azimuth estimate based on an

earlier squitter reading may be derived. The error estimate is

7-2
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based on the difference between the two clock count sums converted

into degrees, thus representing a difference in azimuth between

two readings

- - 0.088ax AN
A6AZ " 89

where,

AN - difference between two sums in comparison.

7.3 A CUMULATIVE SUM COMPARISON WITH THE NOMINAL

A computer plot of a cumulative sum for one completed revolu-

tion is plotted in Figure 50. Adding of these pulses begins with
an ARP pulse time. A straight line,constant slope projection is

used for comparing actual measured data with ideal conditions.

For deriving the total sum, the clock counts between each of
4096 ACP pulses are added increasingly as follows,

K
NK i

where,

n. - clock count between two adjacent ACPs in a partially
filled register based on modulo 3.

7.4 SAMPLE STATISTICS: INFERENCES

Field test data will be analyzed to make inferences about
the SSR antenna rotation rate stability. Significance levels will
be determined between various test sites based on wind and icing

characteristics over the seasons.

7.5 CORRELATION OF DATA DERIVED FROM A MATHEMATICAL MODEL WITH
DATA MEASURED IN THE FIELD

Analytical data will be compared with the data collected at
the radar site, and extrapolated for the service ranges where
such data may not be obtainable in the field. Critical parameters

7-6
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of the system will be set and used in the parametric studies to

arrive at satisfactory fixes for the service ranges outside of

which the Full BCAS performance is not acceptable.

7I
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8. SCHEDULES

A detailed test schedule is presented in Figure 51. Two major

factors will determine the route to be taken as testing progresses.

These factors are the preliminary analysis of the data collected

at the FAA Technical Center and the TSC in-house computer simula-

tion results. A decision will be made to either continue with

the testing at the Technical Center or to move the equipment to

one or more other sites.

The principal activities are as follows:

1. Test Plan Draft - November 1980
Final - September 1981

2. Equipment: Hardware and

Software Development and

Debugging March 1981

3. Equipment Installed, Debugged

and Operating at the FAA
Technical Center April 1981

4. Tests Continue at FAA
Technical Center December 1981

Optional February 1983

S. Decision on Testing at

Multiple Sites November 1981

6. Defining the Problem January 1982

7. Reports Interim: February 1982
First June 1982

Final April 1983

The major purpose in going to alternative sites is to be
able to collect wind data for the whole operational range speci-

fied by the FAA. By extending tests at a single site, possibly
for each season, significant variations in the environmental
conditions may be encountered. This would allow reliable

,-, 8.I 1
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conclusions as to the acceptable operational range for that

site. Also, environmental characteristics for individual sites

may have some unique differences.
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APPENDIX A

ORGANIZATIONAL RESPONSIBILITIES

Organizational responsibilities for the SSR Antenna Rotation

Stability Studies program are divided among ARD-240, TSC, and the

FAA-Technical Center, as shown in the following chart.

ARD-240

John Brennan

Technical Center
DTS-S31 ATC-54

Janis Vilcaus George Mahnken

ARD-240, as the sponsoring organization, has overall management

responsibility and direct responsibility for the following

specific details:

1. Obtaining access to the district sites

2. Selecting and approving the test sites

TSC, DTS-S31, has primary responsibility for the technical success

of the programs with the following specific details:

1. Designing, building, and debugging one set of test hard-

ware and software.

2. Designing algorithms and software for data reduction and

analyses.

3. Designing mathematical models and performing parameter

trade-offs using analysis and computer simulation.

A-1



4. Selecting alternatives for improvement.

S. Preparing draft interim data report and final report.

FAA Technical Center, has coordination responsibility with District

sites, ARD, and TSC. Detailed tasks are:

1. Supporting installation at the TRBTF site and running

the tests.

2. Coordination and scheduling of tests at other sites, if

required.

3. Responsibility for supplying test equipment to the sites

and interfacing with the site operational technical

personnel.

4. Collecting and delivering field data to TSC for

analysis.

A-2
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APPENDIX B

SIMULATION SOFTWARE FOR SOLVING SSR ANTENNA

SYSTEM MODEL
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APPENDIX C

SOURCE LISTINGS FOR BCAS DATA REDUCTION AND ANALYSIS

C-1 OPERATIONAL PROCEDURES

C-I.1 Procedure to Reduce Data Tapes

C-1.2 Procedure to Transfer Data Files from Prime to Scratch
Tape (PDATA)

C-1.3 Procedure to Input Plot Data onto KL-10.

C-1.4 Procedure to Run Plot Program on KL-10

C-2 BCAS Program Source Listings

C-3 Program BCASPL

C-3.1 Initialization

C-3.2 Subroutine One

C-3.3 Subroutine Two

C-3.4 Subroutine Three

C-3.5 Subroutine Four

C-I



C-1.1 Procedure to Reduce BCAS Data Tapes and Generate Plot Files

on Prime 55U

I Mount Magnetic Tapes on Tape Unit

2 At User Terminal Type Underlined Sections:

3 Login Yutkins

Name: Yutkins. Password: BCAS Account F: A1700B

(Messages ..... )

4 OK, Assign MTO
Device MTO Assigned

5 OK, SEG # BCAS

BCAS Program

(Source Program Listing, C-2.)

Tape on unit (0/1)?

Enter Tape Label - FT-4

Do you Wish a Dump of the Tape? Yes

Do you Want Data for Plots? Yes

Enter Max. Number of Revolutions to Be Examined. 2

Enter Any Comments (A40). Test Run

100 Logical Records

4 Physical Records

Spool FT-4 - FT : For Tape Dump Listing

File DP-FT-4 : Contains Means Plot Data

File SS-FT-4 : Contains Sliding Sum

6 OK, Spool FT-4 - FTN

(Spool Rev 18.1]

PRT01 Spooled, Records: 19, Name FT-4

7 Rewind and Remove Data Tape.

C-2
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C-1.2 Procedure to Transfer Data Files From Prime to Scratch Tape
(PDATA)

1 Mount Scratch Tape

(System Utility Program)

2 OK, Magnet

[Magnet Rev. 18,1]

Option: Write

MrU # -

MT File # - 1

Logical Record Size - 80

Blocking Factor - 1

ASCII, BCD, Binary, or EBCDIC? ASCII

Input File: PD-FT-4

Done... 102 Physical Records Output to Tape

3 OK, Magnet

[Magnet Rev. 18,1]

Option: Write

MTU # - P

Mt. File # - 2

Logical Record Size a 256

Blocking Factor - 1

ASCII, BCD, Binary, or EBCDIC? ASCII

Input File: SS-FT-4

Done... 1434 Physical Records Output to Tape

4 OK, Unassign MT

Device Released.

OK,

5 Rewind and Remove Scratch Tape

C-3
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6 OK, Logout

Yutkins Logged out at 15:27 082081

Time Used 0:11 0:34 9:19

OK,

C-4



C-1.3 Procedure to Input Plot Data Onto KL-10

1 Login

2 Mount MTA: PDATA/REELl0: PDATA/VIO: PDATA 9-TRK
830-BPI/WL

Request Queued

Waiting... Two C's to Exit

PDATA Mounted. MTA012 Used

(Load Means and Variances Data File to Disk)

3 R TAPIN (System Utility Program)

Iffput Device: PDATA

Code: ASCII

CRLF in Input? No

[Block Length 80 Bytes]
Logical Ricord Length: 80
Delete Sequence Numbers? No

Suppress Trailing Spaces? Yes

Output Device: DSK
Output Filename.Ext: FT4.DMN

[Copying.]

[End of File]

[Odd Parity is Set.]

[Block Number 103]

[102 Logical Records, 102 Blocks Read.]

[ P Soft Read Errors]
[f Hard Read Errors]

More? N

Exit

(Loads Sliding Sum Data File to Disk).

4 R TAPIN

Input Device: PDATA

[Input Mag Tape Density: 80, Rell ID: PDATA]
Code: ASCII

C-S
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CRLF in Input? No

[Block Length 256 Bytes]

Logical Record Length: 256

Delete Sequence Numbers: No

Suppress Trailing Spaces? Yes

Output Device: DSK

Output Filename.Ext: FT1.SUM

[Copying .]

[End of File]

[Odd Parity is Set]

(Block Number 1436]

[1434 Logical Records 143S Block Read.]

[0 Soft Read Errors.]

(P Hard Read Errors.]

More? No

Exit

o Dismount PDATA: /R

PDATA Dismounted.

C-6



C-1.4 Procedure to Run Plot Program on KL-10

(At User Terminal Type in Underlined Sections.)

1 Log 3072, S41

Name: YUTKINS Password: ECAS

2 Mount MTA: 16 /Reelid: 2267/Vid: '2267 9-TRK

800-BPI '/WL

Request Queued

Waiting... 2 C's to Exit

16 Mounted, MTA012 Used

3 Run BCAS PL

Enter Field Tape Number: FT4

(See Program BCASPL Source LIstings C-3.2-3.5)

Plotting Commencing

End of DISSPLA 8.2 - 118997 Vectors Generated in 8

Plot Frames.

End of Execution

CPU Time: 1:21:98

Exit

4 Rewind 16:

5 Dismount 16:/R

MTA012 Dismounted

6 K/N (Logout)

7 Submit, Plot to DEC-10 I/O Window for Actual Plotting

on Calcomp.

C-7

" * -- . . . .. .. .



C2 PROGRAM BCAS

WRtIZTT~t4 BY: RICHARV YUTNJUS

* SYSTEM DEVELOPMENT CORP* RAY 15. 1981

U11.5R? COMELC

1000 FORMATI/93X999CAS PROGRAP UORKIXGIM6s'//
CALL INITAL
CALL C014TAS

10 CALL RINEC
IF(CGF) CALL OWR
CALL COhaFCR
CALL POOREC
6O TO 10
ERG

C-8



* LABELEO CORPON aLOCKS

..........................................................•

COMNON/POOATA/IA(4,432) LRECPRECNAUXRoUX23),PAXRCkUPREV

• IA - ARRAY CONTAINING CONVERTEO AND FORMATTED DATA

* PRfC - PHYSICAL RECORD COUNTER

* LREC - LOGICAL RECOC COUNTER

PAXREC - MAXIMIUM NURSER OF REVOLUTICNS TO BE PROCCESSED

kUMREC - NUMBER OF REVOLUTIONS COUNTED

• AUX - OPTICKAL OUTPUT ARRAY

• NAUX - NUMBER OF AUX ELEMENT USED

COMRON/TABLC/TA8CO2551

TAB- CONTAIfS REVERSEOBIT LCOKUP TABLE

COPMON/ROATA/OKCRECC(S4 RNUMtSPCoWIRACPCPARCPMINCPN

* • CNFREC - SINGLE LOGICAL RECORD ARRAY - CONTAINING THE FOLLCUING VARIABLES

* CP - CLOCK PERIOD COUNT ARRAY

• ANUN - CONSECUTIVE LOGICAL RECORD NUMSER

*~ WIR - UINO DIRECTION

* hIPO - bINO SPPEED tMPN)

• ACP - ACP COUNT SINCE LAST ARP

• CPMAX - NAXIMIUM CLOCK Period PER LOGICAL RECORC

* CPMIN MINIUP CLOCK PERIod per LogicaL recorc

* CPM - CLOCK PERIOD MEANS

9ga
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0 FIASTR FIRST RECORD FLAG

N FLAG - LOGICAL TOP Of PAGE HEAD1ING FLAE

* RECYLE *LOGICAL FLAG TRUE= ACP COUNT RECYCLED
* FALSE* SAME REVOLUTION

* LCPY - LOGICAL FLAG TRUE* CALL TO SUB OPTIC&~

* PFLAG a LOGICAL FLAG TRUEs CALLS $S PLTCNP

[O(F - ENO-OF-FILE FLAG

* TAPIO - TAPE 10 SUPPtL 4Y USER

COPMENT - 40 C)4AA~tA I-U(AY CONTAINING USERS TAPE COPPEhNtS

COPPMNVARI8U/0ACPPR IN1'L(
COMMON OUFF(102419,ZIelf

* BUFF ONE PtgYKSCAL UNFORMATTED RECORD
INTEGER*2 SUFFEP(3232)
INT(CCo4 PREC9MAXNEVsNUPRfW.LREC
INTEGER.? OKER(tCMt4)
IMTEGER.f$ h AUX
thTEGENoR RhUMISP~o.IOLR.ACPCPMAX.CPrktCFPAUX
IPNrCGER.R4 PRINTL
INTrGER., OACP

Nd ITfGER*2 BUFFTAIIUNIT
PEAL XCPH

C)hARACTEA*4O COPPENhT
ChARACTEN*15 TAPID

EQUIVALEN(CE (ONEPEC(119CP4I))
EQUIVALENCE (BUFF(S)AUFFEC 1,111

LOGICAL EOFFINST~qLOPT.OFLAGRECYLEPFLAG.AtFLAU
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-. SUEROUTINC COrirA8

160 L13T
$ INSERT COMULK

LIST

* FUNCTION: CREATE LOOKLP lAeLE FOR REVERSED BYTE CONVERSION

* INPUTS* CGORON BLOCK

* CUTPu~s: COPPON BLOCK

* CALLED FROM: MAIN

* CALLS TG : ROME

C ROUTINE TO CREATE LOOKUP TABLE FOR REVERSE 61T CONIVERSICNiS
INTEGEA*2 PhIS)11eUP

C
DATA rU/7*695949392#490/
CO 20 1:0,2!!
NUm:!
00 10 Jirl
IlSAMOINUN, 42-.W.-1)))
IPIZIECO0) go Ic 10
TAB(f~xTAB(Il*2**PiCjj

10 CONTINUE
20 CONTINUE

C URITE4192000)
C2000 FORPQAT(193X99LOOK-uP TABLE COMPLETEO*9/)

LRETURN
EkO
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SUPROUTINC ROREC

ma LISTSIIsCRT COMULK
LIST

INTEGCR*2 ALT

y Nz1024
ASIGN 75 TO ALT

C CALL I$9MG!(O9BUFFNO3
CALL READA

C OF .F ALS C

C bPITE4I.33) BUFF
C 33 FORPAT(128(/9841693X)))

RE TUR N

ENO-OF-FILE

7! CONTINUE

COP'. TRUE.
NDITEC192001)

2001 PRMATC/,3190CNAC-OF-FILE$9i)

RETUN
ENO

SUBROUTINE CONFOR

ma LIST
SI&S(31 COPGLK

LIl'T

* FUNCTION: ROUTINE TO CONVERT REVERSED BIT TO FORPATTLD ARRA'V

* INPUTS: COMMON BLOCK

* CUTPUTS: CGPOrnna ELOCK

* CALeO FROM: MAIN
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* AALLS TO: NONE

ZNTEGER.2 PSR.III2

P. ASA LOW 8-11ITS

PSKS5

.. N - RECCOS I INCE

00 50 (:1,3?

aa

0* j - WORD INDEX

00 40 J2l,32

.. FIRST HALF

I1:RS(6UFFCRt1L9iOAp
IAML.K)TA94I1)

Lx*

SECOND "ALF

I2TANO(RUFFER(49K) ,NSKI
IAIL*KNTAB(121
Lza

40 CONTINUE

so COXITINUE

a. RETURN

RETURN

END

SUSRUTINE PPOREC

No LIST
SINSER? CDRSLK

LIST

* FUNCTION: SETS UP SINGLE RECORD ARRAY OPTION CUPP
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* CALCULATE MEANS ANT FIND MAX. ARC MIN.
* CP VALUES PER LCGICAL RECORC

INPUTS: CORMON BLOCXS

* cuiPUTs: COMMON BLOCKS

* CALLED FROM: MAIN

* CALLS TO: OPTIONAL DUMP
* CALO ACUTINE OPTIONAL CALCALUATIOR RCLTIE

INTEGER.? MLLT(3191ACP91RNP

LOGICAL LASTReOP

DATA PULT/10091091/

I- LOGICAL RECCRO COUNTER INCEX

00 so rx1.32

CP' Ax
CPP1Nsq099

CPpZO
Lpfc:LREC91
xcpfNzs.0

*. J2 BYTE COUNTER

CALOLATE MEANS* FIND MEN, MAX. CP VALUES

IP(JOGT.54) Go TO to

CPHAX:MAXOCCNERECCJ) ,CPPAX3
CPMItkNlIOECkCREC.j) CP39INI

10 CONTINUE

OP N: 4XCPMls*.o)O) .5
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CALCULATE bIND SPEED AND DIRECTION

00 21 K9*3
IOIRWIR~fONEREC56K.N#ULT(KI)

bSUSPO.C*(hEAEC(5'.K).RPULI(K))
20 CON4TINUE

FIND CONSECUTIVE RUN 0

IPNNULSfONEREC(55)v8)
RNUNIOR £IRNNONEREC(56))

a. ACP COUNT SINCE LAST ARP

IACPL:LS(ONCRECt63),8)
C ACPzORtIACP9ONERECtfi4))

a. INITIALIZE CACP ON FIRST RECORD
CACP 2 PREVIOS £CP VALUE

1Ft.MQT*FIRSTR) GO TO 25
FIRSTOZ.FALSE&
CACPz9999

- 25 CONTINUE

aa CHECK FOR ACP RECYCLE
* SET NFLAG

NFLABS.FALSE*
IFlOACP.6foACP) HFLAGZ.TRUE.
RECYLEX&FALSE.
IF(OACP*GE.ACPI RECYLEz.TRUE.

a. INCREMENT NUPREY FOR EACH ACP RESTART
SET LASTR TO TRUE WHEN NUMRCV EQUALS MAX REV

EOR:.FALSE.
LASTR=.FALSE.
IF(.IIOT*RECYLE) 60 TO 30
EORS.TRUC.
mUoqRE V2NUNRE V. 1
IFINUNREV*GT*NAXPEV) LASTRZ.TRU~e

30 CONTINUE

CALL OPTION
40 COP4TiNUr

IF(LASTRI GC TO 42

SET UP PRINTL LINE

c-is



PRJNTLtL)=PNUM
FPNIITL(2):UOIR
PRIMTL(3)sbSPO

PRINTL(S)*ACP
, PR NTL (5):CPM

PRINTL(6):CPMAX
PRITL(7)zCFPTN

• •• CHECK DUMP FLAG

IF.*NOT.OFLAG) GC TO 42
CALL oUPP

42 CONTINUE

• ChECK PLOT CUPP FLAG

IF(.MOT*PFLAG) GO TO 46
IF(.NOT.eOA.Oft.NUMREV.EO1) GO TO 45
NFLAGM.FALSE.
CALL PLTOMP
hfldgz.true.

45 CONTINUE
IF(LASTR) hFLAG=.FALSE.
CALL PLTOMP

46 CONTINUE

* ' SET OACP CGUAL TO ACP

CACPSACP

IF LASTR TRUE THEN ALL DONE

IFCLASTR) CALL OONE

S0 CONTINUE

*•• RETURN

RETURN
ENO

00••••••••••..00*•00•••O•e••0*0000*•0*••*•.•0*0000•O*00t*••••0te0•*•

SUSROUTINE DUmP

NO LIST
SIhSRT CONULX

LIT
*•••••.wsewe*e.e.00s00ws00*w*e0wo0ae00ewe••eau*O*a0900t000400*•••

• FUNCTION: PRINT A SINGLE FORMATTED RECORC
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* INPUTS: COPPON BLOCK

- * OUTPUTS: LPT

* CALLED FORP! PRCREC

* CALLS TO : NCNE

........e..............................eegae~.....e.a...

'. CHECK HEADING FLAG

IFI.NOT.HFLAG) PC TO 20
bPITE( ia.20001 TAPIDNUMREVvCOMMENT

20 CONTINUE

IbRITE(10920011 (FRINTL(II)9,11=197)

'0 FORMATS e....

2000 FORMAT(/,lhl./v20X,'TAPf IC: 99AL59
A//920X*'REVOLUTION NUMBER '917sl/s20X9A409

liGX9ACP'.TX99CLOCK PERIOD COUJNT',i,
AjaXVNU MBER * 4X, 00 IN CT ION * aX, SPEEOs

- 2!X.'COUNT'./,201.9(DEGREES)0,IX,'(PPH)'99
315x,*IMEANS) *.3X,'(MAX. ) ',AE, (MN.) 'I)

*2001 FDRpAT(iX ,IGX3,XI3.4(SXI5))

:** RE TURN

RETURN
END

SUBROUTINE INITAL

NO0 LIST
S INSERT COMBLK

LI!T

* FUNCTION: INITIALIZE COUNTERS OPEN TAPE UNIT
* INPUTS: COMMON BLOCKS

* OUTPUTS: COMMON BLOCKS

* CALLED FROM: MAIN
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* CALLS TOT NCftE

ZMECER.Z ALT
CI4ARACUAOZ1! FN*IEPFTLE*SPILE

= CHARACTER** FILE,
LOGICAL*4 FILEF

t' SET RECORC COUNTERS TO ZERO

LPECxO
CRCU

KAUSRI
MARREVMO
"UPEVZO

CO 2 11=1913
AUX(II)MO

2 CON~TINUE

BB SET FLAG DEFAULTS

CFLA6Z.TRUC.
LOPTz .TRUC.

- FtRSTRX*YRUE*
PFLAG:.*TNUE.o
CPEMA "TO

C CALL CSPOSI1oDUR9@.@)
CALL lull

*. REWID TAPE DRIVE

IORIVEStUNIT421

REWINO IORIVEC

"B ENTER TAPE LASEL

!CONTINUE
OAITE(192O03)

2955 FOR"qATWII3WE'NTEP TAPE LASEL9,I9laX)
REAOI1910001 TAPIC

FWREzTAP 10
PP1LE:90O.@J/F'4ANC11:12)
SFILEz*SS-*1FNA4E 1:12)

REQUEST TAPE CUPP REPLY

UP ITEI 1.200 )
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IF(XNELY.EO.1H1) 60 TO 10
OPL A6a SAL SE
so TO I5

10 CONTINUE

ec CHECK IF DATA CUPP FILE NAME ALREADLY EXIST

IN4UIREtPILE2FWAME9EXIST:FILEFl

IF(FILEF) SC TO 70

ec OPEN DISK OUTPUT FILE

CPEN(10,FILE:FNApC9sTAYus:.NKue .ACCESSzCSEGLEhTIAL#,
ARECL1329EPR:75)

co REQUEST PLOT DATA DUP

15 CONTINUE

bRITEC1g201)
RAOII.1100) .JREPLY

IFIJ*LE'LY.EG.lMYl G0 TO 20
PFLAGx.FALSE*
60 TO 25

20 CONTINUE

cc. CHECK IF PLOT DATA FILENAME ALREADY EXIST

INGUIREIFILCZPFILEgEXISTzFILEF)

IFIFILEF1 90 TO 70'

cc. OPEN DISK FILE FOR PLOT DATA OUTPUT

OPENIIl ,FIL~zPFILESTATUS:'NEICACCESS:9SEQLENT IAL'.
ARECL%2AERR:751

eecCHECK IF SLICESUM DATA FILNAME ALREADY EXIST

INQUIRE 4FILErSFrLEoEXXSTZFILEF)

ZF(FILCF) QC TO 70

ce OPEN DISK FILE FOR SLICING SUM DATA

CPE(N(13,FZLE:SFILESTATUS:'IhEW0ACCESS=SCCLEkTIALe.
ARECLz6O .ERR=75)
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ENTER MAX. NUMBER Of RECORDS TO SC PmOCCcSSED

REAO(1*1@2) PAXREV

ENTER ANY COPMENTS

bRITE(192a00S
REAO(1,103) COMMENT

a. RETURN

RETURN

ERROR IN OPEN

70 CONTINUE

VPLTE(1*2006) FNANE.
Go TO 5

7! CONTINUE

PRINT 1001

RETURN
100 FORNATtAll
112 FORNATI44
103 FORN*TIA46)
200 FOfNATC/,3X*90O YOU loISh A OU14P OF THE TAPE 0)
261 FORMAT(/93X990O YOU UANT DATA FOR PLOT 03
100 FORNATIA1S)
1001 FORMAT1193W.ERROR IN OPENING FILE'ol)
2044 FOOMATI/93WENTER MAX NUMeER OF REVOLUTIONS TO BE EXAMINEC 01
200! POPN*T1/.U.*FTER ANY COMMENTS (A40) ')
2006 FORMAT(/93X9'FILE *,A15,' ALMEAGLY EXIST')

ENO

SUBROUTINE OCNE

KO LIST
$INSERT CONSLI(

LIST

* FUNCTION: TERMINATE PAIN
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- INPUTS: COPMON BLOCKS

* OUTPUTS: TTY

* CALLED FROMs: MAIN

* CALLS TO: NOThE

WRlTC1I*I000) LREC.PREC
KUNITZ14NIT021
REWIND MNIT

1f.UNOT*CFLAG) GO TO 25
bNITE(1920001 TAPID
CLOSCtUNITzl@)

2! CONTINUE
t 1P(ehaT.PFLA6) CC To 5O
t bRITE41920011 TAPIDTAPIO

CLOSCIUNIT3ll)
CLOSECUN.ITS131

is CONTINUE
CALL EXIT

1061 FO*NAT(//*3X*IA,9 LOGICAL NCCOROS99/9
13XtiA,' PhVISCAL RECONOSv//)

2000 FONtPAlrt/*3XoSPOOL 'gAl!,' -FTN IFOR TAPE CUPP LISTING')
208 igF ORPAT(i.U.'9FILE PD 'gAl!,' CONTAINS MEAN PLOT DATA69/,

Q A3X9*FtLE SS_99AI590 CONTAINS SLIDING SUP PLOT CATA09/)
END

SUBROUTINE PLTOMP

No LIST
SINSEIT CORSLE

LIST

* FLAICTION: OPTIONAL CALL DUMPS DATA INTO DISK FILE LOGICAL S 11

* lNPuTS: COMMON BLOCKS

* CLYPUTS! DISK FILE LOGICAL 11i

* CALLED PROP: PROREC

* CALLS TO NORE
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IC'VCLEX-111 I

0' If )FL46 TRUE UNITE HtEADER INFO

IFlsftOTeiqFLAGI 6C TO 10
hRITIECIl,2001 NUFRCVTAPIOCOMMCNT
RE TURN i

** If ACCYLE TRUE UNITE END-OF -CYCLE DATA

10 CONTINUE

- lP.%Ol.ePCCtLF) 60 TO 20
hPITt111.2001) ICYCLE*(AUX(KK1,KKx1.hAUXl
RETURN

UN bITE DATA REM~O

20 CONTINUE

RETURN

FORNATS '..

2402 FORNAT(204lx*1713

END
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C- P1063*3 ICASPI.

* 3311333!: ICUUED 2835Th!
5=31311 2SYRLOIUNUT COUP. BAY is, 1981

-,.3. 1 xxiUYILII n1.m13
CALL wll*d. (9i ' CAIUC1)

CALIL fluff9

see 3EAD IN Cosms I LOCI III33L3

CALL aO"=

CALL 3SOM.

CLOSU (1311.20)
CLOU (311221)
3311210 16
CALL al?

* WUCflONU: Ism3 7XIL! M l1. T 1 1313 A042122

0 0111 COIRISP033136 DATA VPUNS.

0 0611115: TI!

0 CAILLER t 30331

1031.II ICISTO I flL3ILI
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IUTSnU 311.31(2 111.1242)

NOGIVILINCI (111.32(1) .11)
20OUILtiUc I11111) 3111)

- ~ 21UILUCI 6111.32(l) .5111.3

DATA WI11.0S 53 .311'alo

31ON1102l/I .3*33

t 200
ACCRPY l0e, Its

OWE ag33 D3ATA17 WILE 6312 1 20

122C0335111-250 , sn 4 t
Oti 031 51.11 Son 31T1 121.1 UNIT 621

to. CGUUUWU1

?TV& 201, RUO
so 20 5

lee PON3BIT (15)
200 ?0331?(/.*11111 .3L TAPE 588212 1,S)
261 PO311!(/.3X.'1111 153111 I.15. '30! P0UU08)

no3
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Co-3. 2 s33303?Is 11.1033

POFICTIOV: PLOT M3 3Z513.U1ID 3 III CI.OCK PTRI03 COUNTS

* ~ LN 11030 V3 ivo SPEND his vivo 3131C1ZI

* 29mi: commou alcig

* OUTPTS1 11.01111

* CiLE PEIN: RIBILT

* CALLS Tat 1031

~ 17I1L!ZI ISM~ CIN

catslog631.(IPLOTl

Cill 131111G 31

call sisal? (#STAID)
CALL. EllA!.? (ZCS261

SIT 1: PISIN 2 31 6.IT85 113 PL.0? AN3I TO0 St I 5.

CM~l PUISOU 12.79.1.01

e ~ SIT 31111 TICKS VIM STE CI 11175 131fl633113 ALL T -axzs

CALL 17CRIS)~
CAL!. 177CR!(5)
CM~l TIIAI 001
CALL1 I11125

* SIT GRld 111011 TO 0.0 1ID 117 SCALING MIIMiS

C~zz GICICO.0
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CALL. 6313 L3SV.LS2IPl LV .CISSIICV)

331 A63RI LINN 31131 01232 21 U 13 I DIN1CU03N

C CALL ouIof-20@)

S nn CI Mi I LI0 023133MDole. Oman "In LINN UNX 5231 IV I on.

Cast DO!
CALL. 63190(1,61

CALL 331DV

SI 242O Cx AXS

CAL sln to.7

PLTCog .. IOPI

CALCOM5laee ns

cu OS13csls~s

CALL 3.LVIC(1015poist?.75. *fl3

PLO vivo 113!0?CTIGN 313313

CALL 33Ol23!(0.6'),PT2S

CALL ISSIlT1922l1f301 .S

* PLO 10136 313C51U6



CALL ISN1fl-@9.9)

* ~ last lICE 3ANKS 3133? S STEP

CALL ITICES ISI

SIT Big33 I-AIS SCALING Fos visa SPIED

CALL TORIES (ISSTeISSPeUSITeS.eiSALAIG10aG.@e@.G)

S~SUIP? I-iIS SACS TO -2.0 INCIIS 1O3 KIND DIRECTION AXIS

CALL 31311! -1.6.00)0

*SSE! TICKS 3a33 11131 9 STIRS

CALL ITICZS (9)

SXT 129 I-AxIs SCALING too vivo D12ICTION

CALL UsuDIDSPII..UDLD16.@O)

t *~ PACE 11135 PO3 1362ND

JuLIlIS! (1133 1 30, 101
!WbJLT.5) 1113 22. J3

22 1033A11 136313 11302 Jo. ',14)

*m PACE LIISI

0 CILI LIUUS('UUIUS CPS'113311.1~)
CALL L115('iIS. CPSI.XlPIAT,2)
CALL LXUIS('3XU. Cs1'I13311)
CALL LINISsfl3 SPOS*.1131A1,3)
CALL LIVUSM30I DINS9.1133A!5S)

IUGIMYL1630 (IVNUAT.5)

1119 COVDIUATIS Of LEGE1D

TLCAS. 5-ZUG!w-. 5

CALL £16130, (ZPIAlT. soLCO .O)

CALL 33355o (5311100 0.0,7. a)
CALL i35S16(UUSS2,100.0.0,6.5)
CALL 815314 (U1SS3 100@AA.@.0.@
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CALL. 3UDPLIO)

C-3.3 SUU303TIll PLI!UC

0 OC2IOU:- PLOT VAINCR AND 0111 Of 3hTOLOTICI

* OTPTS: 11.03233CC

* CALLID P3GS: 33111.?

* CALLS TO: 3033

musuxAIS 111311 as,

CAL IUTvLXJl!Ot

- CALL UIUIUC21)

555 PAGE SIZZ TIO 52Y18 SOPO 13 T * B .

CALL 221
CALL.351?(21*

- CALL U1UL1S(L5'

CALL T1313(2.5 10
CALL U ZA (01..S
CALL INT(6 0.Z1A3l@0.,6.5S

SIT 552 C 81631 TO see 5221 SU-RI SCAN 1326311 AL -X

CALL 11A3(0. 01
CALL 121

DRNA09LV Sx insx STxzono

S~SR 61C 3163 0 .911 5! CAINC-283331



C CALL OBZD t- 2.0

CxAUGI To DOTvUD Lima3 scu. 3313 GalD List 3133! STEP is I on,.

* CALL DO?

CALL 28SI?(OD0!')

CCAL

CIII 111.22 Op CSTS BUMS.131S *VALD 00000
CAL 331.3 T 331 0 tOLtONL

CALL 335516193351.10,0..70

332T RIGM

CALL 31331.101 21

DEANN531 SS

CAL33 SG3S11O-O070

CALLG!3 NESM123210,406.5
ICL NNS *G(H33U'100IS! .0

flSPPO

222=5I:311 DT~II 1113 ~XI
CAL 2U13 LOC S ~ hi uu 0p

219l
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* PIMS C085011 BCK
O 00 632: MOMS11

cu nesI 10: 33131*

* S CALLS T0: Ro3s

XV1INIIUZhI LIII!. C13

CALL 132PU.IW!.0T)

SIT LITTI1!UG 5STY.E

CAL&. 131?1Z

CALL. NIAA!? tsu?11)

SWSET 1PIka SIZI 20. 11. or 6.5An O 1221 TO. gooA B0 8.9?5

CALL P31- 112.75,1.0)
CALL 116" 11.9I.S)
CALL YITLI (00 10. luAAsola@.G.,I. 5)

SI SIM313 TICKS PER SUP C1 I-AXIS MEGlRIM ILL I -1125

CALL Z!!CIS I)
CALL. SudCS (5)
CAL&. TAfU (6.0)
CALL INTA*

SIT GR SACE 813611 10 0.0-AID SET SCUXUG PA2LU3!UES

CALL 63 It 0.0)
CALL 4211F ILISY. !3STIP. LI IV SCIS. ICIP sit, SCISY)

SC CALL. 631 f-200

SW CRA23 T010130123 USE3 ECue. D3AN ails 1.113 tnyU SMIN N I ThU.

ciLL DoP
CALL! 631 11.eel
CALL! 3153149029)

SW Sim 1-ARTS SCAtz Pot .1 COUNT PLOTS
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CALL lOIIScISI.SCPS!1.SCIIYsS SSCULAD. 10,4.@,0.@1

CILL CUUY(L*SClEU.31!.G)

* 2 3! 81101O CoII NARNIS
CALL 3331MMA.71

S ~PLOT son of Tax CLOCK 117.535

CALL NI3S3(33363!)

CILL 316 633515132,1 06 .17. 6)
CILL 13S1SSAG32.t6.M..S)
CALL 335216(33553.100.6.046)

S IU

S LL21116

S* 33-7= 170
no

C--3.5 suzzawtzh PfLUi

!ICLODU sc3lu1/VCLI5!'

* ICTIOUS PLOTS 5tuts3 sea 91312 2oosV ICY Ad 3333
* 131315 CaoSIn lLOCI

01OS29023: VLOT-2 I

* CLLI3 FROM: 333WX.

* CALL SI0: 1033

'C-3



* ~ SI! LIXhSXh SITLE

CAL& 22XPLI
CALL DASALF(S!1ND')
CALL SIRUP1 P. 1CIG)

So? plan auM TO 11. BY 8.5 AND PLO? iAn to 6.0 my 5.5

CALL 131503 6275.1.0)
CALL PAGIII..I.S)
CALL !!U...APA~O....SS

SIM3 31 IM ICKS PER STEP CS I-IS I3!36S3!ZI ALL T -AXIS

CALL Id: IN)
CALL hICKS (5)
CALL 712116(0.01
CALL 12212S

SI 631CR 512GI3 2o0 -AID SET SCALING PAIA IllS

CALL 63 ACt (0.01
CALL 6311 (ACIPSYUACIPSW. ACNE.CSCSY,CSCS!P .CSCIV)

UZI11 A 63ID LINEEVN GtIVE STEP 11 IN IN 9 DIRECTION

C CALL 6313t-2.)

cun C toS mis3s11 LINE lcD!.. 3313 GlID LINE znYU STEP IN 1 on3.

CALL DO!
CALL 6110)8

* SE! 1-AXlS SCALE Poo act coon? PLOTS

CLL IOVAM (CSCSV.CSC32I.CScNV.5. $.CSCLA3. 100,.04. at

se CLEAR TIME1 AnD TinS 331331 of LINE

J-LZISTI (1111200 p25)
- 17MLIA.) 1113 22. J

22 1031116 1.G393 1=303 Js 0#11

III 33.3125 (21 A4

*S SIT 31163? 07 ColY! NAIRIS
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CALLelf Etho (0.7)

* PLOT 61003 SUES

CALL COUVI (lad (leg) *C c(l.K) .3115(1) .1513)

CMR 1221TW to. 1O)

PACE LINES in 116333

CALL LhINS#ShZOhU flax) eXPEI.I!.13)

PLOT III. IND 919. POINTS AND
* lCISS BARREN SItZ

CALL I316= M0. 141

CIL! C33VTE 1131 .4.V6-I)

CALL 335111 TI6U)

cIII LItUISZvaiUIUE I8219.ZPK211#7)

CALL 2251(131162291.!131.U

III 335111' (13I16

F~ IND 3316WATI OPD IN3GRIDS 31

SLOOS-N-

ZLC-*.G- 131



- ***.. Deal 1?v 29.1211 1 CONINIY53Z

CALL IShAGINI13551 *WG@.O,7. 0)
- CALL 515518 IUISSS.10.@.@.06.S)
* CALL 35 6 (UISS3,100.@.06,0.G

* B 33-61-RUMO

CALL 33311.10

INTION
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